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EDGERTON,  GERMESHAUSEN  &  GRIER,  INC. 

Boston,  Mass.  Santa  Barbara,  Calif.  Las  Vegas,  Nev 


FIREBALL  CALCULATIONS:  SHOT  HAMILTON 

; 

1.0  INTRODUCTION 

Shot  Hamilton,  a  50-foot  tower  shot  sponsored  by  LRL,  was 
detonated  at  0800  PST,  on  15  October  1958  in  Area  TF-1  of  the  Nevada 
Test  Site.  The  fireball  yield  was  0.  43  ton  +  0,  09  ton. 

2.  0  CAMERA  INSTRUMENTATION  AND  OPERATION  (Table  1) 

Photographic  coverage  of  Hamilton  fireball  growth  was 
provided  by  two  high-speed  Eastman  ceimeras  and  one  high-speed  16  mm 
Fastax  camera  at  Station  527.  01  (6  x  6  No.  2)  and  a  similar  camera 
complement  at  Station  527.  02  (6  x  6  No.  3).  In  addition,  two  Rapatronic 
cameras  were  located  at  Station  527.  01  to  record  early  fireball  growth. 

The  EG&G  framing  camera,  running  at  an  approximate  speed  of  15,  000 
frames  per  second,  was  located  at  Station  F-732  (6  x  6  No.  1)  to  record 
additional  early  fireball  behavior.  One  Eastman  camera  from  Station 
527.  02  did  not  record  the  complete  fireball.  All  other  cameras  obtained 
records  suitable  for  analysis. 

The  station  locations  and  the  burst  location  are  shown  in  Fig.  1. 
Figure  2  contains  a  summary  of  the  survey  data. 

3.  0  RESULTS 

Because  the  yield  of  Hamilton  was  well  below  the  range  of 
constant  0^  scaling^,  the  0  comparison  technique  as  defined  in  EG&G 
Report  No.  B-1869,  "Fireball  Calculations  -  Shot  Eddy",  was  employed 
to  determine  the  yield.  A  yield  of  0.  43  ton  +  0.  09  ton  is  indicated. 

I  0^  scaling  is  usually  applicable  only  for  yields  greater  than  2  kt. 
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An  air  density  of  1.  098  grams  per  liter  was  used  in  the  yield 
calculations.  The  air  density  value  was  based  upon  a  pressure  of  910 
millibars,  a  temperature  of  15.  0°C,  and  a  relative  humidity  of  30  percent 

at  shot  time. 

The  table  below  gives  the  comparison  shots,  and  the  Hamilton 
yield  obtained  by  the  0  -  comparison. 

Comparison  Hamilton  Yield 

Shot  (‘“"S' 

Balbioat 
La  Place 
Wheeler 
Santa  Fe 
Lea 

Hidalgo 
Air  Drop 
Buster  B 
'  Wasp ' 

Ranger  A 
Wasp 
Ranger  E 


0.  495 
0.  374 
0.  499 
0.  452 
0.  450 

0.  404 
0.  408 
0.  398 
0.  419 
0.423 
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Comparison 

Shot 

Hamilton  Yield 
(tons) 

Tower 

Hornet 

0,422 

UK- 3 

0.419 

Rio  Arriba 

0.  456 

Quay 

0.  431 

1^=0.  432 

Diameter  vs  time  and  0  vs  time  plots  are  shown  in  Figs.  3,  4, 


and  5. 

The  following  data  sheets  are  included  for  each  film: 

(a)  Photo  Plan  and  Photo  Loading  Chart 

(b)  Camera  Data  and  Calculation  Sheet 

(c)  .  Diameter  Measurement  Sheet 

(d)  E102  print-out  sheet  of  D,  t,  and  0. 

Selected  frames  of  fireball  films  are  contained  in  the  Appendix. 
The  zero-frame  times  of  the  motion  picture  camera  records 
were  determined  by  comparing  these  records  with  the  Rapatronic  diameter 

vs  time  data. 
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la-X  TO  TO  THE  INCH  ^69-5 

KCUFFEL  &  ESSELR  CO.  UADI  IN  U.  i. A. 
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Table  I 


Hardtack  Phase  E,  Hamilton 
Fireball  Camera  Distribution 


Station 

Camera 

Qualitative 

Functioning 

527.  01 

E-34 

Record 

(6x6  No.  2) 

E-7 

Poor  Image 

F-16  No.  2 

Record 

R-4 

Record 

R-3 

Record 

*<• 

527,  02 

E-25 

Part  of  F.  B. 

(6x6  No.  3) 

Obscured 

E-6 

Record 

• 

F-16  No.  1' 

Record 

F-732 

FR  No.  1 

Record 

(6x6  No.  1) 
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Table  U 


Hardtack  Phase  11,  Hamilton 
Average  Diameter  vs  Time 


Time 

(in  msec. ) 

Diameter( meters)  as  seen  from 

Stations  527.01,  527.  02  and  F-732 

0.  5 

7.3 

1.0 

9.0 

1.5 

10.  3 

2.0 

11. ..2 

2.5 

12.  2 

3.0 

12.8 

3.  5 

13.4 

4.0 

14.2 

4.5 

14.7 
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FILM  WOt  60366 
GAiyiERAHa 


CAMERA  DATA  a  CALCULATIONS 


TEST  /^/9A?/LT<3^ 


EQ.  AP. 


calculated  ^'660 


DATE:  zo/ys/sa 


CAMERA 


A  (AIMING  POINT) 


horizontal 

PROICCTION 


o  oo 


cos  a  =  /.  0000 _ cos  P=  a.  999^6 - 

CBi|g  3  64.7^  0.  0383  9 - 

CBh  cos  g  cos ^  J  AH  sin o,6 /n 

B.  FOCAL  LENGTH  4-77.39  mm  ( ZZAAIE^ 


Hfig  3o79f-^ _ 

AH«  no 

rO/i^= 


(5!  mapinificaTION  factor  (meters/in.)  /9.43 


D.  ZERO  TIME  CORRECTION  0.98^o 


EDGERTON,  GERMESHAUSEN  ,  a  GRIER,  INC. 


CAMERA  DATA  a  CALCULATIONS 


CAMERA  DATA  8>  CALCULATIONS 


FILM  wa  603J-9 


camera  NO. 


EQ.  AP. 


Test  9/?/^/^toa/ 


CAUDULATEO 


date:  /o/^s/s8 


A  (AIMING  POINT) 


CAMERA 


R®/A  =  CBh  COS  a  COS  )9  +  (He  -  He)  sin  /9 


HORIZONTAL 

PROJECTION 


0 

=  0°  00' 

0=  Z°4S' 

cos  a  =  /.  0000 

COS  0.  9388S 

CBh  ^  3  6  ^ .  7  rr) 

sin  o.o4  798 

CBh  cos  a  COS  364.3  m 

AH  8in/3=  0.  7  rr) 

FOCAL  LENGTH  ^  mry,  (£T-/:lo7) 


Hb^  3/ZS  fi- 


Hc=  3  07  9 


AH*  /?=  /T, 


rO/a=  I  3ls.  O  ^ 


C.  MAGNIFICATION  FACTOR  (meters/in.)  /^4.6 


D.  ZERO  TIME  CORRECTION  0.3 8 


EO6ERTON,  GERMESHAUSEN »  S  GRIER,  INC. 


DIAMESCER  MEASUREMENTS 


SHOT 


FIDl  KO.  ^3^9 


REMARKS: 


EbOJM'UH,  UmMiHAiMi 

&  GRIER,  INC. 
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FIREBALL  CALCULATIONS 


DATE 


D 

t 

InD 

Int 

7,58 

.66 

2.025  51 

415  ^9  - 

,<=  4  68  4  5 

8.9  50 

8  95 

105 

21917? 

4  8  76 

10 1 96  °7 

8  7  77 

9  95 

144 

2  297  50 

36  4  69 

11  570  56 

85  99 

1110' 

1  82 

2  406  87 

598  87 

12  706  78 

87  35 

19  08 

2  21 

249149 

792  93 

13  732  43 

87  96 

1?73 

2  60 

2  543  94 

'  95543 

1  4  6  54  68 

86  86 

13  33 

2  98 

2  590  03 

1  091  89 

1 5  476  80 

86  12 

13  88 

3  37 

963048 

1  21  4  94 

16  257  63 

85  37 

1  4  40 

3  76 

2  667  28 

1  324  48 

16  985  85 

84  77 

14  88 

4  14 

2  70009 

1  420  77 

17'65?7S 

84  29 

15  23 

4  53 

2  723  34 

1  51077 

^  p  p  9  9  8  Q 

8.3  22 

15  73 

4  oi 

2  7  55  65 

t  591 29 

1  P  898  85 

83  23 

1605 

5  30 

2  77  5  79 

1  6  67  68 

19  485  25 

a?  36 

16  40 

69 

2  797  56 

1  738  65 

20  04  6  '"3 

81  81 
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CAMERA  DATA  a  CALCULATIONS 


FILM  Wa  SoSdS 


camera  Na 


EQ.  AP. 


TEST 


CALDULATEO 


DATE  •  foj/s/ss 


A  (AIMING  POINT) 


HORIZONTAL 

PNOieCTION 


CAMERA 

I 


R®/A  =  CBh  COS  a  COS  ^  +  (He  -  He)  sin  p 


$=  2^  o4' 


cos  >9=  0.99 9  3-S' 


cos  a  =  /  0000 


CBh=  3  6  4.7  /o  _ 


CBh  cos  o  cos  ^  />7  . 


sin  a  o3  6  o6 


AH  sinfi  =  o.  ss'  ro 


Hb**  3/Z9  /)" 


AH  *  sfi?  /y  =  /s.z  ^ 


R%=  nZS.. 


FOCAL  LENGTH  /o/.  6>  mm  C 


C.  MAGNIFICATION  FACTOR  (meters/in.)  9/.  2  7 


D.  ZERO  TIME  CORRECTION  O.  OO^-  nis 


C06ERT0N,  GERMESHAUSEN ,  ft  GRIER,  INC. 


o  H  CM  CO-4*  irwo  t^co 


D 


6.80 
e  32 
9  32 

10  55 

11  31 
11  94 
1263 
13  32 


FIREBALL  CALCULATIONS 


SHOT 


FILM  NO. 


^03  S' 6 


DATE 


/-22-SS 


t 

.  InD 

Int 

.39 

1.916  85 

.941  '=3  - 

.6  861  80 

9.9  09 

78 

2 118  72 

248  44  - 

9053  99 

91  89 

1  17 

2  232  21 

1  56  03 

10  647  84 

87  52 

1  56 

2  356  09 

444  76 

11 947  11 

88  30 

1  94  , 

2  425  61 

662  69 

13  03  5  33 

86  76 

2  33 

2  4  79  83 

845  79 

14  02  5  88 

85  12 

2  72 

?  =S36  04 

1  000  "^6 

1  4  921 63 

8  4  64 

3  11 

2  589  27 

1  134 

15  743  85 

8  4  60 
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CAMERA  DATA  a  CALCULATIONS 


FILM  Wg  603  6/  _ 

camera  no  ^-/6  I  EQ.  AP. 


TEST  ///i/tf/cTaJ 


CALCUUJEO  tt<>G<9o 


DATE:  /o//s/s8 


A  (AIMING  POINT) 


HOAIZONTAL 

PIKMCCTION 


CAMERA 


;  R%®CBh  cos  a  cos^  (He  "-He)  sin  ^ 


=  0^  oo' _ Z^  /S' 

cos  g  g  /  oooo _ cos  j9=  o.  3992 3 

QBh-  3  6  4-.  7  M _ sin  /3  =  p,  039z6 

CBh  cos  a  co%^~S64.4  m  AH8in/3«  o.  6  > 


B.  FOCAL  LENGTH  76.  OC,  ff,m _ 


He-  3/29 


47=  /s.Z 


C.  MAGNIFICATION  FACTOR  (meters/in.) 


D.  ZERO  TIME  CORRECTION  /^ 


C06ERT0N,  GERMESHAUSEN ,  8  GRIER,  INC. 


OIAMBIER  MEASURS<aiTS 


SBm 


Haollton 


FUM  KO. 


60361 


REAS  BT 


TYEEJD  BY 


DATE 


10/28/58 


DATE 


RS4ABKS} 
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FIREBALL  CALCULATIONS 


SHOT  — 

Hair)/  Hori 

_  film  no _ 

(oO-i&l 

DATE 

/  -  -2  ^  -  5'9 

D 

t 

InD 

Int 

4.?8 

.15 

1.521  74 

1.89705  - 

.4  682  17 

9.7  81 

6  74 

38 

1  907  99 

0  67  ^1  - 

6  790  86 

99  25 

7  79 

61 

2  052  85 

494  37  - 

8  205  74 

94  93 

8  53- 

85 

2  143  66 

16245- 

9  370  85 

91  02 

9  39 

1  08 

2  239  68 

76  90 

10  31239 

9105 

9  86 

1  32 

2  288  44 

277  63 

11  174  54 

88  23 

1036 

1  55 

2  337  95 

4  38  33 

11  916  42 

86  93 

1079 

1  78 

2  378  56 

576  66 

12  594  38 

85  67 

11  34 

?o? 

2  428  26 

70308 

13  247  63 

85  60 

11  94 

2  25 

247983 

810  86 

13  831  28 

86  32 

12  41 

248 

2  518  46 

908  18 

14  380  27 

86  29 

1264 

2  72 

.  2  536  84 

1  000  56 

14  921  63 

84  70 

1293 

2  95 

2  559  54 

1  081 77 

15  414  26 

83  83 

13  25 

3  18 

2  584  00 

1  1  56  88 

15  884  41 

83  41 

13  54 

3  42 

2  605  67 

r229  67 

16  353  73 

82  79 

13  81 

3  65 

2  625  42 

1  294  78 

16  785  25 

82  27 

1402 

3  88 

2  640  53 

1 35591 

17  200  68 

81  50 

14  18 

412 

2  651  88 

1  41 5  92 

17  618  63 

8048 

14  39 

4  35 

2  666  59 

1  470  24 

18  00  5  58 

79  91 

14  67 

4  58 

2  685  87 

1  521  74 

18  380  39 

79  81 

14  94 

4  82 

2  704  11 

1 57280 

18  759  59 

79  63 

CAMERA  DATA  S  CALCULATIONS 


FILM  Wa  603^^1 
Q/MMkHfX 


TEST  /y^/^/LTo/O 


EQ.  AP. 


CAI  6Y*  &Go 


date:  JoJj5/sa_ 


A  (AIMING  POINT) 


horizontal 

pROjccnoN 


CAMERA 


R%  =  CBh  cos  a  cos  B  T  (Hb  -He)  sin  $ 


Hb*»  s/2  9  _ 


He”  3  083  fi 

roa=  I  3  7Z:^ 


r 


.  i 


FIREBALL  CALCULATIONS 


SHOT, 


ml  '  Ifon. 


FILM  NO. 
DATE  - 


Z 


t 

InD 

Int 

.  ^ 

.05 

1.613  43 

2.0  9  5  72  - 

.3  017  22 

1  6.6  37 

45 

1  962  86 

798  45  - 

7  265  07 

97  99 

a4 

214248 

174  29- 

9  326  57 

91  35 

1  23 

2  253  42 

2C6  96 

10  86309 

87  63 

1  63 

2  34  5  63 

488  65 

12 15873 

85  86 

202 

.2423  84 

70308 

13  247  63 

85  22 

?41 

2  4  85  68 

879  55 

14  216  53 

84  47 

2P1 

2  541  58 

1 033 13 

15 117  26 

84  00 

3  20 

2  59  4  52 

1 16315 

15  924  32 

8408 

3  60 

2  622  52 

1  280  99 

16  69287 

82  49 

3  09 

2  65047 

1  383  86 

17  394 12 

81  40 

4  38 

2  68040 

1  477  11 

18  05514 

80  80 

R%  =  CBh  cos  a  COS  $  (Hb  -  He)  sin  ^ 


C=  0°  00  ' _ 

COS  a  =  /■  aoaa _  cos  p .  999  2  9 

CBh=  3  72.0/^  s\r\  0-  O.  0376  / 

C8h  cos  Q  cos^  =  J7/.7/^  .AHsin^=a^  /x) 


.  FOCAL  LENGTH  7/.  (6/707^ 


Hb**  3/2  9  7/ 


=  3o83  7/ 


AH«  44  7/=  74  /n 


IBE 


3  72.  2  JT) 


MAGNIFICATION  FACTOR  (meters/in.)  /Z/.3 


EOCSRTON,  ^RiaS^k^AUSEN ,  S  GRIER,  INC. 


MEABlRq!yii^^W?S 


603^ 


■FIREBALL  CALCULATIONS 


iiz _  FILM  NO _ 

DATE  _ 


InD 

Int 

'33  36 

1.4  69  74  - 

>1?43 

776  48  - 

>?e  14 

371 12  - 

06  62 

83  32  - 

59  94 

139  68 

■35  42 

32211 

02  66 

476  31 

4  7  54 

609  80 

96  01 

727  52 

26  49 

83284 

62  93 

928  14 

80  67 

1 01517 

01  38 

1  091 89 

25  69 

1  166  27 

4  0  00 

1  235  51 

60  31 

1  -^00  25 

(() 


,5  554  93 

1  0.1  89 

7  •^■3011 

9?  35 

8  62042 

88  16 

9  67?  19 

8  4  98 

10  574  64 

81  98 

11 37514 

82  19 

12  09S  84 

8265 

12  762  43 

8195 

13  377  76 

8207 

13  953  38 

81  12 

14  495  55 

80  99 

15  00904 

79  61 

15  476  80 

78  82 

15  944  22 

78  39 

16  391  94 

7735 

16  821  99 

76  Q2 

■-34- 


CAMERA  DATA  a  CALCULATIONS 


1  ma  6o37z 


ERA  NO 


STATION  NO 


73^ 


EQ.  AP. 


TEST  ///9/i//^72?A/ 


CALCULATEO 


date:  Ao//sfsa 


R %  =  CBh  cos  o  cos/3  -f  (Hb  ^Hq)  sin  ^ 


n  /A  von  uuo  a  i 

0^  00' 

•^=  /^;2\3' 

He-  // 

a  =  /  oaoo 

cos  0.  S9S  71 

^c^3o8I-F^ 

s=  ^  £>-4,  /  /r? 

sin  /9  =  O.OZ4-I3- 

AH*  4(3//-  /4.6  /n 

COS  a  COS/9=  6^3.S  M 

AH  8in/9*=  0.4  M 

■  1  11  ■■  1  1  ■■ 

FOCAL  LENGTH 


MAGNIFICATION  FACTOR  (meters/in.) 


ZERO  TIME  CORRECTION  O.006  ms 


EO6ERTON,  GERMESHAUSEN ,  S  GRIER,  INC. 

o  e 


SZAHEIER  MD5ASUKEKBNTS 

pmd  ro. 

FIREBALL  CALCULATIONS 


D 

t 

InD 

1.449  34 

■  4.?6 

.14 

?0 

1  669  56 

F  77 

2  1 

1  75260 

6  19 

■X 

1  822  85 

6  ^6 

40 

1 88091 

6  0-d 

46 

1  937  24 

7  10 

^"3 

1 96005 

7  49 

‘^•9 

2  013  55 

7  67 

66 

2  037  32 

7  P9 

12 

2  065  62 

e  19 

79 

210296 

P  34 

P5 

212112 

p  65 

°2 

2  157  63 

P  P7 

Q3 

2 18275 

P  97 

105  ■ 

2 193  96 

9  18 

1  11 

2  21709 

9  36 

1  18 

2  236  49 

9  53 

1  24 

2  254  46 

9  58 

1  31 

2  259  69 

9  81 
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